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Abstract In this paper, based on the principle of micro-hot pressing additive manufacturing technology, rapid preparation
of graphite silicon carbide ceramic composites is achieved, using natural flake graphite powder as the raw material and
thermosetting phenolic resin as the adhesive. Particular focus is placed on the composition of mixed powder, and how this
affects its compressive strength and thermal conductivity. The results show that when the natural flake graphite powder
and the thermosetting phenolic resin is fixed at 85% and 15%, respectively, the mass fractions of high purity silica
powder, short carbon fiber, and intermediate carbon microspheres is 25%, 4% and 21%, respectively. The compressive
strength and thermal conductivity of the graphite silicon carbide ceramic composite is 30.82 MPa and 21.65 W/m-K,
respectively. By testing the thermal expansion coefficient and oxidation resistance of the composite at 1200 °C , the
oxidation weight loss and the thermal expansion coefficient is determined to be 23. 679% and 3. 14X 10~ °/K, respectively.
This composite material is expected to replace graphite casting and be applied in the casting industry.
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Fig. 1 Process of graphite powder micro-hot pressing additive forming
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Fig .2 Effect of the mass fraction of high purity silica powder on the properties of samples. (a) Impact on compressive strength and

thermal conductivity; (b) impact on porosity and open porosity
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Fig. 3 Morphology of samples sintered at high temperature. (a) a=10%; (b) a=15%; (¢) a=20%; (d) a=25%; (e) a=30%
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Fig. 4 XRD patterns of samples with different contents of high

purity silica powder
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Fig .5 Effect of the mass fraction of cut carbon fiber on the properties of sample. (a) Impact on compressive strength and thermal

conductivity; (b) impact on porosity and open porosity
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Fig. 6 Morphology of samples sintered at high temperature. (a) 5=0%; (b) b=2%; (c) b=4%; (d) b=6%; (e) b=8%
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29.71 MPa #l121.02 W/m-K. X J2& X 2 o ] A6 B 3
BT — 8 R 4, LI 22 B B O 1 (T G-
DSC) i nd 8 fir s , X H 4 4 1500 “Chedh 5 , R &
IR 14, 47% 50 A5 3A 27 96 W Ja 30 1A R 4 O )
ZU, [l s 2 B R0 FLIUCRIT i BT, anf&l 7(b)
T, HCAE 1) 34 5 VE R AR JR 350 Wi 4 A 2k B 56 i 3 B

105

residual mass: 99.79% (365 °C) 126

100 -"_"—”‘“‘ﬁi’\{“ residual mass: 420
B 92.30?6(840 °C) 115 o
95 N\ g
£ 10 g
g o s 5 &
= \\ g

85 -k

- a

residual mass: 4 -5

80 - 85.53% (1450°C) |

75 -15

0 200 400 600 800 1000 1200 1400 1600
Temperature /°C
K18 il Al itk TG-DSC [t £k &l

Fig. 8 TG-DSC curve of mesophase carbon microspheres

3G AR VR . R L9 Ce) WT AT, 224 v i) AH Bk Sk i A i
1 5T o B 27 00 I AR AT O Y BT i Sy Bk
2106 WO TR 35, BT i L BRI 1R 78 K, 30
PR RE
4 s EE R A MRS A 8

YRR BB X L

1A B ARE P G A RS A B AR OR
PEREXT LG o A AR B AL RE B & A R0 PR ik 2 R
50 B R Ik RBOH VL, SR P R 2 A
ORI RN (1.96~3.14) X 10 "K', 7 B R
AR K 22 80M (0. 5~4) X107 K5 an & 10 fif i,
A1 SR AL RE B % A AR A T A SR A ORI
HATEALTEREAT B 1 1y 98 5 T 2O 2 A kb A
T Ak RE B A A A A AR A S o AR 3] 1000 C LA
b AR R T AL, AR R — 2 SIOL I X E SIO,
7o 5 158 BHL A 40 ) U PR PR T R ) 2 U 2 R AR AL
HOECY S B A MR EE 1200 °C B R K Gk )

1316023-5



F605F 138/2023F 7 B/BAEXBEFZHE
N (o) e P2 /

F9 mbEs il ESE . (2) c=0%;(b) c=9%;(c) c=15%;(d) c=21%;(e) c=27%
Fig. 9 Morphology of sample after sintering. (a) c=0%; (b) c=9%; (¢) c=15%; (d) c=21%; (e) c=27%
F 1 OB/ A S BB S 8 AR REXT [

Table 1 Comparison of properties of graphite/silicon composites casting materials

Forming Thermal conductivity /  Compressive Thermal Antioxidant weight
density /(g+cm™) (W/m+K) strength /MPa  expansivity /(107° K™") loss rate/ %
Graphite/silicon carbide
) i 1.5 21.65 30. 82 1.96-3. 14 23.679
composite material
Graphite casting material 1.6-1.8" 50.00 45.00 0. 50-4. 00" 41.700
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